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Abstract

Background: SARS-CoV-2 RNA has been detected in fomites which
suggests the virus could be transmitted via inanimate objects.
However, there is uncertainty about the mechanistic pathway for such
transmissions. Our objective was to identify, appraise and summarise
the evidence from primary studies and systematic reviews assessing
the role of fomites in transmission.

Methods: This review is part of an Open Evidence Review on
Transmission Dynamics of SARS-CoV-2. We conduct ongoing searches
using WHO Covid-19 Database, LitCovid, medRxiv, and Google
Scholar; assess study quality based on five criteria and report
important findings on an ongoing basis.

Results: We found 64 studies: 63 primary studies and one systematic
review (n=35). The settings for primary studies were predominantly in
hospitals (69.8%) including general wards, ICU and SARS-CoV-2
isolation wards. There were variations in the study designs including
timing of sample collection, hygiene procedures, ventilation settings
and cycle threshold. The overall quality of reporting was low to
moderate. The frequency of positive SARS-CoV-2 tests across 51
studies (using RT-PCR) ranged from 0.5% to 75%. Cycle threshold
values ranged from 20.8 to 44.1. Viral concentrations were reported in
17 studies; however, discrepancies in the methods for estimation
prevented comparison. Eleven studies (17.5%) attempted viral culture,
but none found a cytopathic effect. Results of the systematic review
showed that healthcare settings were most frequently tested (25/35,
71.4%), but laboratories reported the highest frequency of
contaminated surfaces (20.5%, 17/83).

Conclusions: The majority of studies report identification of SARS-
CoV-2 RNA on inanimate surfaces; however, there is a lack of evidence
demonstrating the recovery of viable virus. Lack of positive viral
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cultures suggests that the risk of transmission of SARS-CoV-2 through
fomites is low. Heterogeneity in study designs and methodology
prevents comparisons of findings across studies. Standardized
guidelines for conducting and reporting research on fomite
transmission is warranted.
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Fomites, transmission, COVID-19, systematic review
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Introduction

The SARS-CoV-2 (COVID-19) pandemic is a major public
health concern. According to WHO statistics, there have been
over 90 million confirmed cases and over two million deaths
globally as of 18th January 2021'. Although many national
governments have implemented control measures and vaccines
are now being approved and administered, the rate of infec-
tion has not subsided as anticipated. Understanding the modes of
transmission of SARS-CoV-2 is critical to developing effective
public health and infection prevention measures to interrupt the
chains of transmission’. Current evidence suggests SARS-CoV-2
is primarily transmitted via respiratory droplets and direct
contact’, but other transmission routes have been suggested —
aerosol and fomites.

While the respiratory, airborne, and direct contact modes
of transmission have been investigated in detail, the role of
fomites in the transmission of SARS-CoV-2 is less clear. Find-
ings from previous systematic reviews have shown that viruses
from the respiratory tract, such as coronaviridae, can per-
sist on inanimate surfaces for some days’, and it has been
suggested that SARS-CoV-2 can be transmitted indirectly
through fomites or surfaces’. However, some authors have
reported that there is a low risk of transmission of SARS-CoV-2
through fomites®” and others have reported that the risk of
such transmission is exaggerated®.

Several studies investigating the role of fomites in SARS-CoV-2
are now being published but the evidence from such studies
has not been systematically evaluated. The objective of this
review was to identify, appraise and summarize the evidence
from primary studies and systematic reviews investigating
the role of fomites in the transmission of SARS-CoV-2.
Terminology for this article can be found in Box 1.

Box 1. Terminology

Fomite: Object or surface contaminated by infected droplets.
The contamination can occur through sneezing, coughing on, or
touching surfaces'

Viral load: A measure of the number of viral particles present in
an individual®

Cycle threshold: The number of cycles required for the
fluorescent signal to cross the threshold. Ct levels are inversely
proportional to the amount of target nucleic acid in the sample®

'World Health Organization. Q&A: How is COVID-19
transmitted? https://www.who.int/vietham/news/detail/14-07-
2020-g-a-how-is-covid-19-transmitted

2https://www.cebm.net/covid-19/sars-cov-2-viral-load-and-the-
severity-of-covid-19/

*https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7521909/
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Methods

We are undertaking an open evidence review investigating
factors and circumstances that impact on the transmission of
SARS-CoV-2, based on our published protocol last updated
on the 1 December 2020 (archived protocol: Extended data:
Appendix 17; original protocol: https://www.cebm.net/evidence-
synthesis/transmission-dynamics-of-covid-19/).  Briefly,  this
review aims to identify, appraise, and summarize the evidence
(from studies peer-reviewed or awaiting peer review) relating
to the role of fomites in the transmission of SARS-CoV-2 and
the factors influencing transmissibility. We conducted an ongo-
ing search in WHO Covid-19 Database, LitCovid, medRxiv,
and Google Scholar for SARS-CoV-2 for keywords and
associated synonyms. The searches for this update were
conducted up to 20th December 2020. No language restrictions
were imposed (see Extended data: Appendix 2 for the search
strategies’).

We included studies of any design that investigated fomite
transmission. Predictive or modelling studies were excluded.
Results were reviewed for relevance and for articles that
looked particularly relevant, forward citation matching was
undertaken and relevant results were identified. We assessed the
risk of bias using five domains from the QUADAS-2 criteria'’;
we adapted this tool because the included studies were
not designed as diagnostic accuracy studies. The domains
assessed were: (i) study description - was there sufficient descrip-
tion of methods to enable replication of the study? (ii) sample
sources — was there a clear description of sample sources?
(iii) description of results - was the reporting of study results
and analysis appropriate? (iv) risk of bias - did the authors
acknowledge any potential biases, if yes were any attempts
made to address these biases? (v) applicability — is there any
concern that the interpretation of test results differs from the
study question? For each bias domain, the risk was judged as
“low”, “unclear” or “high”. We extracted the following
information from included studies: study characteristics, popu-
lation, main methods, and associated outcomes including the
number of swab samples taken with frequency and timing
of samples, and cycle thresholds and samples concentrations
where reported. We also extracted information on viral cultures
including the methods. One reviewer (IJO) assessed the risk
of bias and extracted data from the included studies, and these
were independently checked by a second reviewer (EAS). We
presented the results in tabular format, and bar charts used to
present the frequency of positive tests. Because of substantial
heterogeneity across the included studies, we did not perform a
meta-analysis.

Results

We identified 709 non-duplicate citations of which 91 were
considered eligible (Figure 1). We excluded 27 full-text studies
because they did not meet our inclusion criteria (see Extended
data: Appendix 3° for the list of excluded studies and reasons
for exclusion). Finally, we included 64 studies: 63 primary stud-
ies and one systematic review (see Extended data: Appendix 4;
characteristics of studies in Table 1 and Table 2°).

Quality of included studies

None of the included studies were linked to or mentioned a

published protocol. The risk of bias of the included studies is
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Figure 1. Flow diagram showing the process for inclusion of studies assessing fomites transmission in SARS-CoV-2.

shown in Table 4. Less than half of the studies (47.6%)
adequately reported the methods used, and none used methods
to minimise bias. The overall quality of the studies was rated
low to moderate (see Figure 2).

Reviews

We found one ‘“systematic review” investigating the role of
fomites [Bedrosian 2020] (Table 2). The authors searched two
electronic sources - articles were last downloaded on July 10,
2020. There was no published protocol, and the authors did
not assess the quality of included studies. A total of 35 relevant
studies were included. Over half of the studies (25/35, 75%)
were conducted in healthcare settings, and four compared
environmental contamination before and after standard
disinfection procedures. No study assessed viral infectivity or
viability, but all tested the presence or absence of SARS-CoV-2
RNA.

Primary studies

We found 63 primary studies (Table 1). In general, the studies
did not report any hypothesis but investigated epidemiological
or mechanistic evidence for fomite transmission. Forty-one
studies (65.1%) were conducted in Asia, 15 (23.8%) in Europe,
five (7.9%) in North America, and one each in Africa and South
America (1.6% each). A total of 44 studies were conducted
exclusively in hospital settings, two in hospital and quarantine

facilities, three in the laboratory, and the remaining in other
non-healthcare settings (public places, community, banknotes,
workplace, cruise ship, quarantine rooms and hospital outdoors).
Four studies were conducted exclusively in ICU and another
three in ICU plus hospital wards. Five studies used before and
after study design.

In 59 studies (96.7%), fomite transmission was examined in
high-frequency touch surfaces (Table 1); the remaining four stud-
ies examined circulating banknotes (1), disposable chopsticks
(1) hospital staff PPE (1), and unspecified (1). The timing and
frequency of sample collection and disinfection procedures were
heterogeneous across studies (see Table 3). Fourteen studies
(23%) performed sample collection before disinfection
procedures, five studies collected samples before and after
disinfection procedures, while 11 studies collected samples
after disinfection. In 33 studies, the timing of sampling in rela-
tion to disinfection was not specified. In one study [Ryu 2020],
disinfection procedures were not performed as required
because of a lack of PPE and staff being afraid of contracting
SARS-CoV-2. The number of samples per study ranged from
five [Jin 2020] to 5400 [Marshall 2020].

Eleven studies (17.5%) set out to perform viral cultures; nine
of these utilised the Vero E6 cell lines method while two did
not specify the method used (see Table 1). Thirteen studies
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7391640/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7391640/
http://ioh.iums.ac.ir/browse.php?a_id=3121&sid=1&slc_lang=en&txt=0
http://ioh.iums.ac.ir/browse.php?a_id=3121&sid=1&slc_lang=en&txt=0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7324661/
https://www.medrxiv.org/content/10.1101/2020.05.02.20088567v1.full.pdf
https://journals.sagepub.com/doi/full/10.1177/1420326X20942938
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7319619/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7316493/
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B Yes

Description of
methods and
sufficient detail to
replicate

Sample sources
clear

Analysis & reporting
appropriate

Is bias dealt with

Applicability

0.0% 25.0%

Figure 2. Risk of bias (n=63 primary studies).

(20.6%) reported cycle thresholds (Ct) for test positivity: <40
(8 studies); <43 (1 study); <35 (1 study); <36 (1 study); <37
(1 study) and <38 (1 study).

Frequency of SARS-CoV-2 positive test

All studies reported data on the frequency of positive tests
(Table 5). (Figure 3 shows the graphical representation of these
frequencies.) The frequency of positive SARS-CoV-2 tests
across 51 studies (via RT-PCR) ranged from 0.5% to 75%; 12
studies (19%) reported no positive tests. The highest frequency
of positive tests was found in residential isolation rooms. Of the
three studies conducted in ICU [Escudero 2000, Jin 2000, Ong
2000 and Seyedmehdi 2000], two reported positive test results
(11.7% and 40%). All the four studies [Lei 2000, Ma 2000,
Ge 2020, Jerry 2000] conducted in both ICU and general wards
reported positive tests: 5%, 5.4%, 14.3% and 16.3%, respec-
tively. One of the three laboratory studies [Bloise 2000]
reported frequency of 18.2%; a second study [Lv 2020] reported
no positive test with the conventional RT-PCR tests but reported
21.3% positivity with droplet digital PCR (ddPCR) tests;
the third study [Zuckerman 2020] reported no positive tests. In a
cross-sectional study of SARS-CoV-2 positive subjects confined
to their cabins in a cruise ship [Suzuki 2020], the frequency
of positive test was 9.7% (58/601); no positive test was detected
in the non-case cabins. In one study of home quarantined sub-
jects [Maestre 2020], 46.2% (12/26) of samples were positive
for SARS-CoV-2 at two months (one month after the resolu-
tion of symptoms). In another study of two hospital patients
who were SARS-CoV-2 positive [Shin 2020], no positive
samples were detected after 41 days following weekly

F1000Research 2021, 10:233 Last updated: 14 JUN 2021

B No/Unclear

47.6% 52.4%
87.3% 12.7%
63.5% 36.5%
100.0%
90.5% 9.5%
50.0% 75.0%

disinfection. One study conducted in a high-prevalence com-
munity setting [Dohla 2020] reported no significant association
in the frequencies of positive tests between human and environ-
mental samples (p=0.76). In all four before and after studies, there
was a substantial reduction in the frequency of positive tests
after surface disinfection.

Viral load and concentration

A total of 17 studies reported data on viral concentration
(Table 5); the units of measure used to report this data varied
across the studies and included genomic copies/swab (4 studies),
genomic copies/cm® (4 studies), genomic copies/mL (4 stud-
ies), and 1 study each for mean concentration, viruses/cm?,
genomic units/m?, genomic copies/sample and RNA copies. We
found it impossible to make any comparisons across the studies
because of the heterogeneity in units of measurement.

Cycle thresholds

A total of 28 studies (44.4%) reported data in Ct with values
ranging from 20.4 to 44.1 (Table 5). One study of ICU patients
[Razzini 2020] reporting positive rates of 24.3% (9/34) had
the lowest range of Ct (21.5-24), while another study of ICU
and isolation ward patients [Lei 2020] reporting positive
rates of 5% (9/182) had the highest range of Ct (38.6-44); in
both studies, the Ct for positivity was <40.

Viral culture

Of the 11 studies that planned to perform viral culture, only
two (18.2%) reported Ct values that could act as prompts
to undertake viral isolation (Table 6). Only two studies
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Table 3. Studies sample collection characteristics.

Study ID

Abrahdo 2020
Akter 2020
Amoah 2020
Ben-Shmuel 2020
Bloise 2020
Cheng 2020
Cheng 2020a
Chia 2020
Colaneri 2020
Colaneri 2020a
D’Accolti 2020
Declementi 2020
Ding 2020

Dohla 2020
Escudero 2020
Feng 2020

Ferndndez-de-Mera 2020

Ge 2020
Guo 2020
Harvey 2020

Hu 2020
Hu 2020a
Jerry 2020
Jiang 2020
Jiang 2020a
Jin 2020
Kim 2020
Lee 2020

Lei 2020

Lui 2020

Lv 2020

Ma 2020
Maestre 2020
Marshall 2020
Moore 2020

Frequency of
sample collection

Not specified
NA

Twice

Not specified
Not specified
Not specified
Once

Not specified
Not specified
Once

Not specified
Twice

Not specified
Not specified
Not specified
Not specified
Not specified
1 to 3 times
Not specified

Twice: Pilot phase
and full-scale phase

Not specified
3 times

Not specified
Not specified
Not specified
Not specified
Not specified

Not specified

Twice

N/A

Not specified
Not specified
Not specified
End of work shift
Not specified

Timing of sample collection

Not specified

N/A

Unspecified

Not specified

Not specified

Not specified
Before daily disinfection
Not specified

Not specified
After disinfection
After disinfection
After disinfection
Before disinfection
Not specified

Not specified

Not specified

Not specified

Not specified

Not specified

N/A

Not specified

4 h after case confirmation
4 h after disinfection

Not specified

Before disinfection

2 h after disinfection

Not specified

After disinfection (hospital)
Before disinfection (mass facilities)

Before disinfection
N/A

Not specified

Not specified

Not specified
Before disinfection

Not specified
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https://www.medrxiv.org/content/10.1101/2020.05.07.20094631v1.full.pdf
https://www.medrxiv.org/content/10.1101/2020.11.26.20233627v1.full.pdf
https://assets.researchsquare.com/files/rs-89199/v1_stamped.pdf
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(20)30532-2/fulltext
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7227510/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7137535/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7327164/
https://www.nature.com/articles/s41467-020-16670-2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7156210/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7243766/
https://www.europeanreview.org/wp/wp-content/uploads/9202-9207.pdf
https://www.mattioli1885journals.com/index.php/lamedicinadellavoro/article/view/9991/9108
https://europepmc.org/article/med/32891988
https://www.medrxiv.org/content/10.1101/2020.05.28.20114041v1.full.pdf
https://icm-experimental.springeropen.com/articles/10.1186/s40635-020-00349-5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7446651/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7375302/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7323510/
https://www.medrxiv.org/content/10.1101/2020.10.27.20220905v1.full.pdf
https://academic.oup.com/nsr/article/7/12/1865/5912468
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7326451/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7309928/
https://www.medrxiv.org/content/10.1101/2020.02.25.20028043v2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7454114/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7428766/
https://jkms.org/DOIx.php?id=10.3346/jkms.2020.35.e332
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7282419/
https://onlinelibrary.wiley.com/doi/10.1111/irv.12783
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7454084/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7303629/
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa1283/5898624
https://www.medrxiv.org/content/10.1101/2020.11.30.20234393v1.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7456580/
https://www.journalofhospitalinfection.com/article/S0195-6701(20)30548-X/fulltext
https://onlinelibrary.wiley.com/doi/10.1111/tbed.13817

Study ID

Frequency of
sample collection

F1000Research 2021, 10:233 Last updated: 14 JUN 2021

Timing of sample collection

Nakamura 2020 Not specified After disinfection
Nelson 2020 Not specified Not specified
Ong 2020 5 separate time Before disinfection
points
Ong 2020a 5 days over a Before and after (33.3%:66.7%)
2-week period
Ong 2020b Not specified Not specified
Pasquarella 2020 Once After disinfection
Peyrony 2020 Not specified Not specified
Piana 2020 Not specified Before disinfection
Razzini 2020 Not specified Before disinfection
Ryu 2020 Not specified Not specified
Santarpia 2020 Not specified Not specified
Seyedmehdi 2020 Not specified Not specified
Shin 2020 Twice daily After disinfection (4 days)
Suzuki 2020 Not specified Before disinfection
Wang 2020 Not specified Not specified
Wang 2020a Not specified Not specified
Wee 2020 Not specified Before disinfection
Wei 2020 Not specified After disinfection
Wei 2020a Not specified Before disinfection
Wong 2020 Not specified Before and after (50%:50%)
Wu 2020 Not specified Before disinfection
Ye 2020 Three sets over a Not specified
20-day period
Yuan 2020 Not specified After disinfection
Yung 2020 Not specified Not specified
Zhang 2020 Not specified Not specified
Zhou 2020 Not specified Not specified
Zhou 2020a Not specified Not specified
Zuckerman 2020 Not specified Before disinfection

provided information on the timing of sample collection for viral
culture but were missing key details with respect to collec-
tion related to the timing of the onset of symptoms of the
patients with respect to the collection and timing. One study of
subjects in a cruise ship [Suzuki 2020] reported collecting
samples for viral culture from 1-17 days after the cabin was
vacated on a cruise ship and at least 17 days after the quaran-
tining to cabins was ordered and 8 days after the first cabin
cleaning, while another study of patients in residential isolation
[Santarpia 2020] reported collecting the samples on “days 5-9” or

“day 10” of occupancy at a medical centre or quarantine unit,
all of whom were evacuated from the same cruise ship reported
previously and would have been at least 2 weeks from the
last day of quarantine [Suzuki 2020]. The incubation period
ranged from 4-7 days and there were subtle differences in the
culture media used across the studies (Table 6). None of the
studies reported success with viral culture despite positive
RT-PCR detection tests. There were methodological issues with
the techniques employed for viral culture across the studies
(see Table 6).
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https://www.sciencedirect.com/science/article/pii/S2590088920300627?via=ihub
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7336923/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7653228/
https://jamanetwork.com/journals/jama/fullarticle/2762692
https://europepmc.org/article/pmc/pmc7156567
https://www.mattioli1885journals.com/index.php/actabiomedica/article/view/10137/9035
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7413114/
https://www.medrxiv.org/content/10.1101/2020.08.22.20179754v1.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7319646/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7260524/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7391640/
http://ioh.iums.ac.ir/browse.php?a_id=3121&sid=1&slc_lang=en&ftxt=0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7324661/
https://www.medrxiv.org/content/10.1101/2020.05.02.20088567v1.full.pdf
https://journals.sagepub.com/doi/full/10.1177/1420326X20942938
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7165090/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7319619/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7316493/
https://aricjournal.biomedcentral.com/articles/10.1186/s13756-020-00839-x#citeas
https://www.medrxiv.org/content/10.1101/2020.05.31.20107862v1.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7214329/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7192102/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7653408/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7133054/
https://www.medrxiv.org/content/10.1101/2020.05.12.20097105v2.full.pdf
https://www.medrxiv.org/content/10.1101/2020.05.24.20110346v2.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7557302/
https://www.mdpi.com/1999-4915/12/8/854/htm
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Table 4. Quality of included studies.

Abrahdo 2020

Akter 2020

Amoah 2020

Bloise 2020

Ben-Shmuel 2020

Cheng 2020

Cheng 2020a

Chia 2020

Colaneri 2020

Colaneri 2020a

D'Accolti 2020

Declementi 2020

Ding 2020

Dohla 2020

Escudero 2020

Feng 2020

Fernandez-de-Mera 2020

Ge 2020

Guo 2020

Harvey 2020

Hu 2020

Hu 2020a

Jerry 2020

Jiang 2020

Jiang 2020a

Jin 2020

Kim 2020

Lee 2020

Lei 2020

Lui 2020

Lv 2020

Ma 2020

Maestre 2020

Marshall 2020

Moore 2020

Nakamura 2020
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https://www.medrxiv.org/content/10.1101/2020.05.07.20094631v1.full.pdf
https://www.medrxiv.org/content/10.1101/2020.11.26.20233627v1.full.pdf
https://doi.org/10.21203/rs.3.rs-89199/v1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7227510/
https://reader.elsevier.com/reader/sd/pii/S1198743X20305322?token=B1D1F159D3B1E090030A64484877CCB181770C6FC269A8D2A080E9D7402B52A4F2FE7F8A8E0F473F7C32E30030B53B9D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7137535/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7327164/
https://www.nature.com/articles/s41467-020-16670-2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7156210/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7243766/
https://www.europeanreview.org/wp/wp-content/uploads/9202-9207.pdf
https://www.mattioli1885journals.com/index.php/lamedicinadellavoro/article/view/9991/9108
https://europepmc.org/article/med/32891988
https://www.medrxiv.org/content/10.1101/2020.05.28.20114041v1.full.pdf
https://icm-experimental.springeropen.com/articles/10.1186/s40635-020-00349-5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7446651/
https://onlinelibrary.wiley.com/doi/10.1111/tbed.13817
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7375302/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7323510/
https://www.medrxiv.org/content/10.1101/2020.10.27.20220905v1.full.pdf
https://doi.org/10.1093/nsr/nwaa250
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7326451/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7309928/
https://www.medrxiv.org/content/10.1101/2020.02.25.20028043v2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7454114/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7428766/
https://jkms.org/DOIx.php?id=10.3346/jkms.2020.35.e332
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7282419/
https://onlinelibrary.wiley.com/doi/10.1111/irv.12783
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7454084/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7303629/
https://academic.oup.com/cid/advance-article/doi/10.1093/cid/ciaa1283/5898624
https://www.medrxiv.org/content/10.1101/2020.11.30.20234393v1.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7456580/
https://www.journalofhospitalinfection.com/article/S0195-6701(20)30548-X/fulltext
https://www.sciencedirect.com/science/article/pii/S2590088920300627?via=ihub

Nelson 2020

Ong 2020

Ong 2020a

Ong 2020b

Pasquarella 2020

Peyrony 2020

Piana 2020

Razzini 2020

Ryu 2020

Santarpia 2020

Seyedmehdi 2020

Shin 2020

Suzuki 2020

Wee 2020

Wei 2020

Wei 2020a

Wang 2020

Wang 2020a

Wong 2020

Wu 2020

Ye 2020

Yuan 2020

Yung 2020

Zhang 2020

Zhou 2020

Zhou 2020a

Zuckerman 2020
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30 55 40 0 57
63 63 63 63 63
Yes No/
Unclear

Description of methods and  47.6% 52.4%

sufficient detail to replicate

Sample sources clear 87.3% 12.7%

Analysis & reporting 63.5% 36.5%

appropriate

Is bias dealt with 0.0% 100.0%

Applicability 90.5% 9.5%
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7653228/
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https://europepmc.org/article/pmc/pmc7156567
https://www.mattioli1885journals.com/index.php/actabiomedica/article/view/10137/9035
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7413114/
https://www.medrxiv.org/content/10.1101/2020.08.22.20179754v1.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7319646/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7260524/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7391640/
http://ioh.iums.ac.ir/browse.php?a_id=3121&1&en&0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7324661/
https://www.medrxiv.org/content/10.1101/2020.05.02.20088567v1.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7319619/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7316493/
https://aricjournal.biomedcentral.com/articles/10.1186/s13756-020-00839-x#citeas
https://journals.sagepub.com/doi/full/10.1177/1420326X20942938
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7165090/
https://www.medrxiv.org/content/10.1101/2020.05.31.20107862v1.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7214329/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7192102/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7653408/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7133054/
https://www.medrxiv.org/content/10.1101/2020.05.12.20097105v2.full.pdf
https://www.medrxiv.org/content/10.1101/2020.05.24.20110346v2.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7557302/
https://www.mdpi.com/1999-4915/12/8/854/htm
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Figure 3. Rates of positive SARS-Cov-2 tests in studies assessing fomite transmission.

Discussion

We found 63 primary studies investigating the role of fomites
in SARS-CoV-2 transmission. The results of the majority
of these studies show that SARS-CoV-2 RNA can be
frequently detected on surfaces in both healthcare and non-
healthcare settings. However, there were no positive culture
results for studies that attempted to culture for viable virus.
There is a wide variation in study setting and designs across
studies, and the overall quality of published studies is low to
moderate. The heterogeneity in study design and methodology
makes it difficult to compare results across studies. The results
of the systematic review (n=35) [Bedrosian 2020] showed that
surface contamination was greatest in laboratories and least in
households; however, none of the included studies addressed
viral infectivity. The review authors did not assess the report-
ing quality of the primary studies and the search periods are
now outdated.

The inability to culture the virus despite positive PCR detec-
tion tests suggests that SARS-CoV-2 RNA is more stable (and
likely found in greater concentrations) on fomites than infec-
tive SARS-CoV-2 virus''. Factors known to affect the ability
of fomites to serve as transmitters of respiratory viruses
include the rate of decay of the virus on the surface and on the

hands, the virus transfer rate (surface to hand, and hand to
face), the frequency of touch between the hands and face, the
dose-response curve of the virus, temperature and humidity,
amongst others'”.

The substantial reduction in positive detection rates before
and after studies (and in some ICU settings) suggests that
good hygiene procedures can minimise the risk of surface
contamination. The inconsistency in describing a priori Ct values
across the studies, coupled with the wide range in actual Ct
values, suggests that the reported positive SARS-CoV-2 RNA
detection rates are markers of previous viral presence from
non-viable virus.

In a systematic review assessing the role of fomites in virus
transmission in the Middle East Respiratory Syndrome
(MERS)", the authors reported possible evidence of fomite
contamination but the evidence for fomite transmission was
anecdotal. Our review findings are consistent with these obser-
vations. In an observational study of four hospitalised patients
with MERS", there was positive viral culture from fomites
including bed sheets, bed rails, intravenous fluid hangers, and
radiograph devices. In contrast to that study, published research
on SARS-CoV-2 shows no evidence of positive viral culture

Page 28 of 43



F1000Research 2021, 10:233 Last updated: 14 JUN 2021

‘SoppiJed SNUIA Z-A0D-SYYS 3|geIA JO DAIIH3U 90 01 PaUILLIISIDP SBM
a|dwes Aue aiojaq sabessed 4 Jo [L101 e 10} panunuod sabessed pul|g ‘uonedijdal
“24mjnd [BJIA JO UONEDIPUI YD d SWl-|ead pue S3dD) JO 92UasSae ay U “uonedijdal [edia

[|92 |BJIA UO SAIlED3U SJam 5110d51 10 [NJSS92INS JO UONRLDIPUI UB Se Sauab z-A0D-SHVS 19b.e1 ul ssbueyd Jojuow Suoads 10 Eow_wam\sm 6u
Anued yels pue seale P31 1ON 01 oM Jad 22IM1 ¥Dd aW-|eas pue UOILIIXD YNY JOJ Pasn Sem ainnd |32 pau! 10N m.>u__ _mgo 0¢0¢ buo
uowiwlod uj sajdules ||y i oL ‘oSl ‘SAep £ Aians abessed pullg YlM 20D %S Do/ E 18 painind pue HIsod

(W3 s@16e3 Jo i 00g pue djdwies gems ay3 jo Il 0O§) WNNJoUl W | ylim
P212|N20Ul 318M SYSB|J GZL Ul (985 L-DDLV) SII92 800 LD OI3A JO SISAR|OUOIN
‘Skep 0~ JO SaJN1 N2 snonunuod buipirod ‘sswin 934yl
SNJIA 01 dn paJnynagns a1am 34D Aejdsip Jou pip 1yl siakejouow [[9) (3dD) S1Dad

SNO0I1294Ul UIPIUOD 10U pIP 21Y1ed0o1/d J0) paJolUOW pue SAep /£ 10) D,/ € 18 pategndul ‘(i) dnodAunue
sojdwes ay1 bunsabbns -2noignue pappe Yim (Sg4 %t) Wnipaw 21n3jnd JUW G Ul pauleiuiew pue sgd X1

PaAISSqO aJom sabessed  |-6€ 01 8-87 UM PaYSeM 343M S||9D Y | 10J Do/ E 18 pa1egndul pue 3|dwes [eIUSWUOIIAUD paynads 10N E> Eﬁwumoo%

|B1IS 93JY3 JO 9SIN0D JW > Ylm Pa1e|NdoUl puUB Sgd X1 YIM Paysem alam (4sel} ZWd Gz/S|[92 901 X
31 SS0Jde SanjeA 1) Ul 1) S|I2D "DO/E 18 pa1egndul 34aM [SIdIH INW Gz pue SpIde oulle |[eRUasSa-Uou
9589139 B U0 34D ON (A/A) X '(Sg4) WinJas aulrog [e13) (A/A) %0 L 'T-XVINBINID Yim paiuswalddns
INFIN] WiNipaw aJMNd Ul (985 L-14¥D DDLV ‘8001 OJ9A) S||92 93 OJaA
‘sojdules annisod
>>woruHwﬂ_uw_wmmmcwwﬂ__bu pa1Jodal 10N pa1Jodal 10N paljpads 10N payPads 0N 0z0z bus4
[eJIA wioiad 10U pjnod
"S||32 93 0J3A UO Z-A0D-SYYS JO Lamolh
10} 54n220 Ajjed1dA1 1eya 199449 21y1edoikd e Jo 1uswdolaAsp o) PaAISSQO pue ZOD
%G "o/ E 1B SABP |BIDASS JSAO PR1BGNIUI 3J3M S||9D) "Pappe sem g uploydue
s|dwes Aue JupAwoidans,ulpiuad x| pue (02g1D) WNJSS SUIAOG [B190) 9% € YIM (0201D)
WI0JJ SUONIPUOD 3INND winipaw s,2|6e3 pauIpoA S,0329q|NQJ ‘PRAOWSI SBM WNNDOU] 3Y] ‘Uoiegnaul 0202
[|22 Japun paie|os! aq pariodal 10N 1O U | J21VY 'SEdX | JO UO[BIIUSIUOD [BUl B UIRIQO 01 SgdX0 | Aq pade|dal sem payads 0N payads 10N e|yoq
PIN02 SNJIA SNOND3JUI ON SWINJOA UOREINI0UI JO (A/A) %0 ‘S9|dWes Js1em 404 "Z0D % G Ul De/E 18 Y | JoJ
palegnoul pue g upaloydue/upAwoidans /ulniuad x| yim pauswsalddns
[ea1ew sjdwies ay1 Jo (iseyy 5z 1M 0001 - (Iem +2) 00T Yim pa1egnoul siom
S|19D "% 08-0£ 40 Asuap e e syseyy Gzl 10 sa1e|d [|am ¢ Ul S||92 93 04SA Papess
‘skesse Je|ndsjow Joy
pasn sem jueleuladns Jo i 0Oz ‘uonegndul Aep-/ e Jalyy 19949 d1yiedoikd Jo) M__Mu:wwm%m\/
'24MNd Jo Kep Aians Adodsouniw 1ybi| Ag paAasgo pue Jie Ul ZOD %S Ul D.EE 1e paiegndul e
/ Aep uo 1ays d1y1edoifd 9J9M S[|9D “[|]aM Yyoes 03 (uisdAul qw/bw g pue ‘suiulein|b pue upAwoidans 20707
e paonpul sajdwes L) oy ‘ulpiuad 9| Yim parusws|ddns Wnipaw [eRUSSSS WNWIUIW palipow saibe3) paYD3ds 10N Dw%_m\,u\,oc_ 1Jauej0d
pa1e[Ndoul 3Y3 JO SUON pappe Sem sasnJiA A1olelidsal Joj Wnipaw JO JW | pue papJedsip Sem Wwnjndou sopduwies
9yl Ule Ul 20D %S Ul DoEE 18 Uolegqndul JO JNoY | 191y "UOIIe|OS| SNUIA J0)
91e|doJdIW [|2M-7Z JUSNJUOD 93 0J3A B 0IUO paleindoul sem sjdwes 11-007 vV 9CIv
uoneqgnaul "UONN|OS 19|0IA [RISAID YlIM UONEXI) 1918 PaAISSO 9J3M STdD pue (20D %S
10 shep ¢ |- Jayje Jo/E) SAep G 10J pa1egNdUl J9M S||90) "91eUOGJRIIC WNIPOS %G |0 pue uneisiu 020z

suodnod |eyaw Jo dnseld . JWI/SHUN 67| ‘URAW01dans 9 0 ‘uljipiuad Juw/siun 0o | ‘auiwein|b-1 zNwW Z

WU PRIDA0IDI SBM SNUIA eLeoive 'SpIoe oulUle [BIIUSSSD-UOU NFIA (SDH) WNJSS J|ed [e1904 97 Yam paruswaiddns payads 10N payads 10N _%&Mm

3|geIA ON "3|geJn1nd sem WwNIpawW AJIN JO TW | YIIM PIBJISAO 2J9M S||aM 'Y | J21Jy 'Sa1e|d ||em-{Z Ul g

sajdwes ayi Jo SUON S2JN3IN2 192 93 OY¥IA uodn suonn|ip ajdwes [e1as pjoy-0 | wodj 1 0oz palddy
ain3jnd
ploysaiyL ?.n3jnd
24N3|NJ |eJIA JO S} NSY aphy 24N3|Nd |eJIA 10} PASN POYISN [B41A $0 Bulwy u__M._.nmm_ﬂ._. ar Apnas

*a4n3 N |eJIA :S3IpN3s papnjdul jo sbulpuld ‘9 a|qeL

Page 29 of 43


https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(20)30532-2/fulltext
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(20)30532-2/fulltext
https://www.clinicalmicrobiologyandinfection.com/article/S1198-743X(20)30532-2/fulltext
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7243766/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7243766/
https://www.medrxiv.org/content/10.1101/2020.05.28.20114041v1.full.pdf
https://www.medrxiv.org/content/10.1101/2020.05.28.20114041v1.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7446651/
https://www.journalofhospitalinfection.com/article/S0195-6701(20)30548-X/fulltext
https://www.journalofhospitalinfection.com/article/S0195-6701(20)30548-X/fulltext
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7653228/

F1000Research 2021, 10:233 Last updated: 14 JUN 2021

padniind sem snJiA ON

sojduies aanisod oN

paJN1Nd Sem SnJiA ON

9|dwes Jie ay3 buipnpul
PAWLIIUOD 10U SeM 21N3jNd
[[22 UO SNUIA JO UOIIBAIIND

24MNd (120 Ul

S9SNJIA 91ej0S| 01 3dwsne
ou sem a1y} ‘sajdwes
ansod Ul yNY [BJIA JO

SJUNOWE eam JO 3snedag

34N3|NJ [RJIA JO S3NS3Y

"aAISod paJapisuod aJam |92 ul uonebedoud Jaye (sajdwes jeuiblio ayy
01 9AIEJ3J SaN|eA 1D padnpal) auab 3 oY) Joj siaquuinu Adod Ul asealdul Hoj auo
15e9] 18 Yum sajdwes ‘pawiopad z-A0D-SHYS 19913p 031 ¥Ddb-1¥ pue 'pa1daj|od
0€< 3Jam syuereuladns |92 ‘shep /-G 421y 'sa1e|d ||am tz 01 pappe a4am sajdwes Jo
71 00z ‘uonebedoud uo4 (qw/bri 0O0 ‘0178 TW/NI 000 ‘01) UPAwoidsns ulpiusd
pue (%01) WNJ3s aUIAOQ |13} paleAildeul 1eay Yum patuawajddns NJNQ Ul
P3IN3IND 943M S[|32 3Y] "SNJIA ININD 0} PASN DJIM S||3D Z0IED PUB 93 0JBA

sajdwes
aAnIsod oN

‘Y 96 J91B PIAIRSTO SeM (IdD) 10949 diyredoifd
39U "21N3N2 SNJIA JOJ S[|92 93-0J3A UO Pa1e|ndoul pue pauleiqo alam sajduies

"skep {7 J21Je UONBAISSQO 34D 'SSINUIW G JOJ P3|iog Uy Ja1em Ul pjoj-0 L pain|ip
pue pa129]|02 aJam (1dy) uondajul-isod sIiNoY-g 10 -0 18 WNIpaul aJn3n? 's||ad
ZSSHdINL/90I9A JUSN|JUOD UO P1R|NI0UI 9Jam ABY ] "WINISS SUINOQ [B13) %G pue
g upuaoydwe ‘upiweiusb ‘upAwoidsiis ‘o uljpiuad Jo suoliesiusduod |edidAy
Yam paauswaddns winipaw a|be3 payipow 5,0323G|NQ YIM paxiwl alam sajdwes

66'8c-1C'9¢

‘Adodsouniw uosdse pue Queleusadns a1nynd (192 Jo
¥Dd 95IN02 awi ‘Bululrls JuSISaIoNjouNWIWI (3dD) 199443 d1yredoifd bulpnidul
uoined||dal [BJIA BUILLISISP O PZIAN 349M SI0IRDIPUI [BIDASS 'S||92 93 OJIA

pa1iodal 10N

69°6E
AR WASIS paydads 10N
ploysaayl
aph) 34N3|N |eJIA 10} PAsSn POyl N

palnads 10N

palnads 10N

Buluespd uiged Isiiy
2y Jaye shep g pue
P3J9pJO Sem suiged
01 bulupuelenb ayy
121k shep /| 1sea|
1e pue pajedeA sem
uiged oy Jaye skep
/1-| wol} pabuel
1NQ 195U0 WoldwAs
4O 3w Woly
papinold sjiesp oN

swoydwiAs usned
10 335U0 Jo 33ep
3y1 uo papinoid
S| uoljew.ojul oN
"91IS pUOI3S B3
Jo) fouednddo gL
Kep pue 21Is suo

J0oJ A&ouednodo
1uaped Jo 6-g sheg

palnads 10N

ainynd
|ediA jo buiwiy

0€> anjeA1d

paynads 10N

Juasaud
sem YNY [edin
Uo1ym wody
sajduies
auos

YDd-1¥ Ag
VNY [BJIA JO)
aAnIsod a4am
1ey3 sa|duwes

1031950gNS

paydads 10N

in3nd
|eJIA JOy
ploysaiyL

0¢0¢Z noyz

€0¢0¢
Buep

0202
NZNS

0¢0¢
eidieues

0c¢0¢
Auoufed

a1 Apnas

Page 30 of 43


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7413114/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7413114/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7391640/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7391640/
https://www.medrxiv.org/content/10.1101/2020.05.02.20088567v1.full.pdf
https://www.medrxiv.org/content/10.1101/2020.05.02.20088567v1.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7165090/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7165090/
https://www.medrxiv.org/content/10.1101/2020.05.24.20110346v2.full.pdf

to date. Our review findings support several national and
international guidelines recommending good hygiene practices
to reduce the spread of SARS-CoV-2">-"7,

We identified one non-peer-reviewed (pre-print) systematic
review that assessed SARS-CoV-2 contamination in fomites'®.
The authors concluded that the quality of measurements was
poor, and the reliability of the data is uncertain. Our findings
are consistent with these. Compared to that review, we searched
more databases, included more than twice the number of
included studies, and accounted for the reporting quality of
included studies.

Although there has been much research into fomite transmis-
sion of SARS-CoV-2, much uncertainty remains, and it is
difficult to draw meaningful conclusions. Firstly, the variation
in Ct across the studies suggests that there is no standardized
threshold for detection of SARS-CoV-2 RNA. Some studies
have shown that lower Ct correlates with higher genomic load".

The studies included in this review used Ct of <35 to
<43; these threshold values indicate that some of the posi-
tive tests reported in the studies may be misleading. Future
research aimed at establishing internationally accepted Ct values
should be considered a priority. The discrepancies in units of
measurements for viral load and/or concentration also creates
confusion. Therefore, standardized checklists for reporting
of studies investigating SARS-CoV-2 transmission should be
developed, including mandatory publishing of protocols,
including the timing of the collection of any environmental
specimens with respect to patient symptom onset. Looking for
viable virus long after a patient has developed a significant
innate and adaptive immunologic response will consistently
yield negative results.

That all 11 culture studies failed to isolate the virus with
significant fundamental methodological flaws indicates that the
threshold for transmissibility from contaminated surfaces is
unknown and more rigorous and carefully orchestrated studies
are required before any conclusions may be drawn. One factor
likely relates to the timing of sample collection after the
onset of infection. Two studies reported the timeframe for
sample collection but without precision while nine did not report
any timelines. The mean incubation period of SARS-CoV-2
is 5-6 days’; therefore, sample collection within the first few
days of infection onset is likely to yield greater viral RNA
load and result in better infectivity and culture results. Future
studies should endeavour to collect surface samples of likely
contaminated surfaces and medical equipment within useful
timeframes and should also report this variable with their results.

As reported in the results, findings from one study [Lv 2020]
showed that detection rates were different when qRT-PCR was
compared with ddPCR. Interestingly, the authors of another
included study [Bloise 2020] concluded that qRT-PCR is unable
to differentiate between infectious and non-infectious viruses.
Therefore, the use of RT-PCR as the gold standard for detec-
tion of SARS-CoV-2 requires further research. The positive

F1000Research 2021, 10:233 Last updated: 14 JUN 2021

findings from the before and after studies show that good
hygiene procedures should continue to be a cornerstone for the
management of SARS-CoV-2 and other communicable diseases.

Strengths and limitations

To our knowledge, this is the most comprehensive review
to date that evaluates the role of fomites in SARS-CoV-2
transmission. We extensively searched the literature for
published studies and included studies that are yet to undergo
peer review. We also accounted for the quality of the studies
and have presented summary data for some subgroups where
possible. However, we recognize several limitations. We may
not have identified all published studies investigating the role
of fomites; indeed, several other studies may have been pub-
lished after the last search date for this review. Heterogeneity
due to variations in study designs and lack of uniformity in
measurement metrics prevent us from statistically combining
data across studies and limits the validity and applicability
of the review results.

Conclusion

The evidence from published research suggests that
SARS-CoV-2 RNA can be readily detected on surfaces and
fomites. There is no evidence of viral infectivity or transmissi-
bility via fomites to date but no studies to date have been found
to be methodologically robust and of high enough quality to
even adequately address the question. Good hygienic prac-
tices appear to reduce the incidence of surface contamination.
Published studies are heterogeneous in design, methodology and
viral reporting metrics and there are flaws in the reporting qual-
ity. Standardized guidelines for the design and reporting of
research on fomite transmission should now be a priority.

Data availability

Underlying data

All data underlying the results are available as part of the
article and no additional source data are required.

Extended data

Figshare: Extended data: SARS-CoV-2 and the Role of Fomite
Transmission: A Systematic Review, https://doi.org/10.6084/
mO.figshare.14247113.v1°.

This project contains the following extended data:
- Appendix 1: Protocol
- Appendix 2: Search Strategy
- Appendix 3: List of excluded studies
- Appendix 4: References to included studies
Reporting guidelines
Figshare: PRISMA checklist for ‘SARS-CoV-2 and the Role

of Fomite Transmission: A Systematic Review’, https://doi.
org/10.6084/m9.figshare.14247113.v1°.

Data are available under the terms of the Creative Commons
Attribution 4.0 International license (CC-BY 4.0).
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The authors have addressed most of the major concerns.

I still believe that it's not clear what the authors mean by "bias". The authors used circular
reasoning in their explanation; they state that they assessed "bias" by asking if the reviewed
articles acknowledged "bias", but they never defined the term or mentioned the exact questions
used to determine it.

Nevertheless, this article provides a good summary of the scientific publications that have survey
SARS-CoV-2 on surfaces and is, therefore, a valuable contribution.

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Disease transmission, Quantitative Microbial Risk Assessment (QMRA), fomite-
mediated transmission, virus transfer.
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Department of Microbiology, Biochemistry and Molecular Genetics, New Jersey Medical School,
Newark, NJ, USA

I'm still not entirely convinced that the "bias" parameter included in the analysis is useful, since
there is some element of subjectivity in making that assessment. Nevertheless, the authors have
given a fuller accounting of what's involved in this parameter, so at least, a reader can draw their
own conclusions regarding alleged "bias".

Overall, the authors have appropriately responded to my comments and suggestions, and [ am
satisfied that this manuscript is now acceptable as a peer-reviewed publication and a useful
contribution to the literature.

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Microbiology, Virology

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 11 May 2021
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© 2021 Pitol Garcia A. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

?

Ana Karina Pitol Garcia
Department of Civil and Environmental Engineering, Imperial College London, London, UK

The authors compiled and summarized many scientific publications that surveyed SARS-CoV-2 on
surfaces. Surface contamination is an essential piece of information needed to understand the
role of fomites in disease transmission. The authors collected data on the presence of RNA and
viable SARS-CoV-2. Notable, out of the 11 identified papers that attempted viral culture, none fund
cytopathic effects. Therefore, no viable SARS-CoV-2 has been recovered from surfaces up to date.
The review is comprehensive, timely, and valuable for understanding the relative contribution of
fomite-mediated transmission to the spread of SARS-CoV-2.

Major comments:

Methods

The authors mention using an adapted version of "QUADAS-2 criteria" to assess the quality of the
studies, but the exact methodology is not reported neither in the main article nor in the extended
data. More transparency is needed regarding the exact questions used to determine quality and
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bias.

Additionally, the authors criticize publications that do not report "patient information" such as
"symptom onset in the patients". Nevertheless, this information is not relevant in settings with no
COVID-19 patients (surfaces at gas stations, bus stations, hospital wards, etc.).

Discussion

Regarding the following statement:

"The inability to culture the virus despite positive PCR detection tests may indicate either that surface
contamination does not support viral growth and hence transmissibility or that the timing of collection
was at a point of time where no viable virus would be likely to be found."

The first hypothesis is not clear, "The inability to culture the virus despite positive PCR detection tests
may indicate either that surface contamination does not support viral growth and hence
transmissibility” - We know that the virus needs a host cell to replicate. The capacity of fomites to
serve as a vehicle for the transmission of SARS-CoV-2 depends on factors such as the decay rate of
the virus on the surface and on the hands, the virus transfer rate (surface to hand, and hand to
face), the frequency of touch between the hands and face, the dose-response curve of the virus,
among other parameters. Even if the virus does not "grow" on the surface, there is still potential
for transmission. Therefore, this sentence needs to be removed or clarified.

Second hypothesis: "The inability to culture the virus despite positive PCR detection tests may indicate
... that the timing of collection was at a point of time where no viable virus would be likely to be found." -
The authors suggest throughout the discussion that the 11 studies that cultured the virus
showing not cytopathic effects have "significant fundamental methodological flaws" (which are not
clearly pointed out in the manuscript), directing the reader to conclude that this is probably the
reason why no attempt at culturing viruses from surfaces has been successful. It's helpful to point
out that SARS-CoV-2 RNA is much more stable on fomites than infective SARS-CoV-2 virus, and it is
found in much greater concentrations. For example, in an experimental study where SARS-CoV-2
was inoculated on surfaces, Paton et al. (2021)' found that the number of RNA recovered from the
surfaces was 103 to 108 times higher than the number of viable virus in the samples. Given the
relatively low concentration of RNA found on surfaces in the compiled articles, it is expected that
the 11 studies that attempted to culture the virus could not find cytopathic effects. It is true, as the
authors point out, that the transmission via fomites cannot be discarded. Nevertheless, the
evidence that the authors compiled can already give an idea of how unlikely fomite-mediate
transmission is in most settings.

Minor comments:

Abstract
Please, clarify the statement "SARS-CoV-2 has been detected in fomites..." by replacing it with "SARS-
CoV-2 RNA has been detected in fomites..."

Introduction

The statement, "it has been reported that SARS-CoV-2 can be transmitted indirectly through fomites or
surfaces." is not supported by the reference. The reference only suggests the possibility of fomite
transmission based on (1) the presence of SARS-CoV-2 RNA on surfaces, and (2) experimental
evidence of virus survival at specific conditions and high concentrations. Up to date, no study has
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"reported" fomite-mediated transmission. Replacing the word "reported" by "suggested" would be
better.

Discussion

In the following sentence, "We identified one non-peer-reviewed (pre-print) systematic review that
assessed fomite contamination in SARS-CoV-2." perhaps what the authors intended to say was, "We
identified one non-peer-reviewed (pre-print) systematic review that assessed SARS-CoV-2
contamination in fomites."?

Figure 3

It would be more informative for the reader if the plot could distinguish between public spaces
and rooms with COVID-19 patients. The authors could break the "other" category and include
"isolation or quarantine room", since the most frequently contaminated spaces were quarantine
rooms.

References

1. Paton S, Spencer A, Garratt I, Thompson K, et al.: Persistence of SARS-CoV-2 virus and viral RNA
on hydrophobic and hydrophilic surfaces and investigating contamination concentration. bioRxiv.
2021. Publisher Full Text

Are the rationale for, and objectives of, the Systematic Review clearly stated?
Yes

Are sufficient details of the methods and analysis provided to allow replication by others?
Partly

Is the statistical analysis and its interpretation appropriate?
Not applicable

Are the conclusions drawn adequately supported by the results presented in the review?
Partly

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Disease transmission, Quantitative Microbial Risk Assessment (QMRA), fomite-
mediated transmission, virus transfer.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Author Response 14 May 2021
IGHO ONAKPOYA, University of Oxford, Oxford, UK

Peer reviewer's comment:
The authors compiled and summarized many scientific publications that surveyed SARS-
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CoV-2 on surfaces. Surface contamination is an essential piece of information needed to
understand the role of fomites in disease transmission. The authors collected data on the
presence of RNA and viable SARS-CoV-2. Notable, out of the 11 identified papers that
attempted viral culture, none fund cytopathic effects. Therefore, no viable SARS-CoV-2 has
been recovered from surfaces up to date. The review is comprehensive, timely, and valuable
for understanding the relative contribution of fomite-mediated transmission to the spread
of SARS-CoV-2.

Authors' response: Thank you.

Peer reviewer's comment:

Major comments:

Methods

The authors mention using an adapted version of "QUADAS-2 criteria" to assess the quality
of the studies, but the exact methodology is not reported neither in the main article nor in
the extended data. More transparency is needed regarding the exact questions used to
determine quality and bias.

Authors' response: Now reads thus: “We assessed the risk of bias using five domains from
the QUADAS-2 criteria [9]; we adapted this tool because the included studies were not
designed as diagnostic accuracy studies. The domains assessed were: (i) study description -
was there sufficient description of methods to enable replication of the study? (ii) sample
sources - was there a clear description of sample sources? (iii) description of results - was
the reporting of study results and analysis appropriate? (iv) risk of bias - did the authors
acknowledge any potential biases, if yes were any attempts made to address these biases?
(v) applicability - is there any concern that the interpretation of test results differs from the
study question? For each bias domain, the risk was judged as “low”, “unclear” or “high".”

Peer reviewer's comment:

Additionally, the authors criticize publications that do not report "patient information" such
as "symptom onset in the patients". Nevertheless, this information is not relevant in settings
with no COVID-19 patients (surfaces at gas stations, bus stations, hospital wards, etc.).
Authors' response: Now reads thus: “The latter possibility is considered highly likely on the
basis of culturing without the benefit of looking at the timing of the specimens with respect
to symptom onset (in study settings that had SARS-CoV-2 positive patients) ..."

Peer reviewer's comment:

Discussion

Regarding the following statement:

"The inability to culture the virus despite positive PCR detection tests may indicate either that
surface contamination does not support viral growth and hence transmissibility or that the
timing of collection was at a point of time where no viable virus would be likely to be found."

The first hypothesis is not clear, "The inability to culture the virus despite positive PCR detection
tests may indicate either that surface contamination does not support viral growth and hence
transmissibility” - We know that the virus needs a host cell to replicate. The capacity of
fomites to serve as a vehicle for the transmission of SARS-CoV-2 depends on factors such as
the decay rate of the virus on the surface and on the hands, the virus transfer rate (surface
to hand, and hand to face), the frequency of touch between the hands and face, the dose-
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response curve of the virus, among other parameters. Even if the virus does not "grow" on
the surface, there is still potential for transmission. Therefore, this sentence needs to be
removed or clarified.

Authors' response: We have revised the statement and added a reference. Now reads thus:
“The inability to culture the virus despite positive PCR detection tests suggests that SARS-
CoV-2 RNA is more stable (and likely found in greater concentrations) on fomites than
infective SARS-CoV-2 virus [11]". Factors known to affect the ability of fomites to serve as
transmitters of respiratory viruses include the rate of decay of the virus on the surface and
on the hands, the virus transfer rate (surface to hand, and hand to face), the frequency of
touch between the hands and face, the dose-response curve of the virus, temperature and
humidity, amongst others [12].”

Peer reviewer's comment:

Second hypothesis: "The inability to culture the virus despite positive PCR detection tests may
indicate ... that the timing of collection was at a point of time where no viable virus would be
likely to be found." - The authors suggest throughout the discussion that the 11 studies that
cultured the virus showing not cytopathic effects have "significant fundamental
methodological flaws" (which are not clearly pointed out in the manuscript), directing the
reader to conclude that this is probably the reason why no attempt at culturing viruses from
surfaces has been successful. It's helpful to point out that SARS-CoV-2 RNA is much more
stable on fomites than infective SARS-CoV-2 virus, and it is found in much greater
concentrations. For example, in an experimental study where SARS-CoV-2 was inoculated on
surfaces, Paton et al. (2021)" found that the number of RNA recovered from the surfaces
was 103 to 108 times higher than the number of viable virus in the samples. Given the
relatively low concentration of RNA found on surfaces in the compiled articles, it is expected
that the 11 studies that attempted to culture the virus could not find cytopathic effects. It is
true, as the authors point out, that the transmission via fomites cannot be discarded.
Nevertheless, the evidence that the authors compiled can already give an idea of how
unlikely fomite-mediate transmission is in most settings.

Authors' response: We have revised the statement.

Peer reviewer's comment:

Minor comments:

Abstract

Please, clarify the statement "SARS-CoV-2 has been detected in fomites..." by replacing it with
"SARS-CoV-2 RNA has been detected in fomites..."

Authors' response: Added “RNA”

Peer reviewer's comment:

Introduction

The statement, "it has been reported that SARS-CoV-2 can be transmitted indirectly through
fomites or surfaces." is not supported by the reference. The reference only suggests the
possibility of fomite transmission based on (1) the presence of SARS-CoV-2 RNA on surfaces,
and (2) experimental evidence of virus survival at specific conditions and high
concentrations. Up to date, no study has "reported" fomite-mediated transmission.
Replacing the word "reported" by "suggested" would be better.

Authors' response: Agreed. This was already commented on by Reviewer 1. We have

Page 38 of 43


https://f1000research.com/articles/10-233/v1#rep-ref-83869-1

F1000Research 2021, 10:233 Last updated: 14 JUN 2021

revised as suggested.

Peer reviewer's comment:

Discussion

In the following sentence, "We identified one non-peer-reviewed (pre-print) systematic review
that assessed fomite contamination in SARS-CoV-2." perhaps what the authors intended to say
was, "We identified one non-peer-reviewed (pre-print) systematic review that assessed
SARS-CoV-2 contamination in fomites."?

Authors' response: We have made the correction. Now reads thus: “We identified one non-
peer-reviewed (pre-print) systematic review that assessed SARS-CoV-2 contamination in
fomites...”

Peer reviewer's comment:

Figure 3

It would be more informative for the reader if the plot could distinguish between public
spaces and rooms with COVID-19 patients. The authors could break the "other" category
and include "isolation or quarantine room", since the most frequently contaminated spaces
were quarantine rooms.

Authors' response: We understand the reviewer’s point here. However, we reported the
settings are described by the study authors - only 2 studies were described as “hospital and
quarantine”. Therefore we have not made any changes to the figure.

Competing Interests: None

Reviewer Report 06 April 2021

https://doi.org/10.5256/f1000research.54776.r82053

© 2021 Goldman E. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

?

Emanuel Goldman
Department of Microbiology, Biochemistry and Molecular Genetics, New Jersey Medical School,
Newark, NJ, USA

In this manuscript, the authors have conducted an extensive comparison of many published
studies attempting to assess the possibility of transmission of SARS-CoV-2 via fomites. Most of the
studies reviewed involved samples from hospitals, although some studies were also from
community settings. The authors report that none of the studies found infectious virus on fomites,
and that viral RNA, while generally present to varying degrees, was likely of too poor quality in
most instances to support infectivity anyway, based on relatively high cycle threshold (CT) values
for the RNA samples.

This is a useful snapshot of where we are in the pandemic, and why thinking in the field has
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increasingly moved towards the view that fomite transmission is not a significant source of
infection. This reviewer believes the authors are too timid in drawing that conclusion, only stating
in the Abstract "Lack of positive viral cultures and variation in cycle thresholds create uncertainty about
fomites as a mode of transmission." I believe a more forceful statement about the insignificance of
fomite transmission is warranted.

In the second paragraph of the Introduction, the authors do not adequately characterize the
content of some of the references cited.

The authors write, "it has been reported that SARS-CoV-2 can be transmitted indirectly through fomites
or surfaces®." This is inaccurate; reference 5 is a review of work published up to that time, and at
most, suggests the possibility that the virus can be transmitted through fomites. None of the
papers reviewed in reference 5 showed indirect transmission through fomites. The authors must
revise this sentence. My suggestion is to replace "reported" with "suggested", i.e., "it has been
suggested that SARS-CoV-2 can be transmitted indirectly through fomites or surfaces>."

The opposite situation occurs in the very next sentence. The authors write, "However, some authors
have suggested that there is a low risk of transmission of SARS-CoV-2 through fomites®”." Reference 6
is more than a suggestion; the authors report the absence of infectious virus on surfaces in
hospitals treating COVID-19 patients. My suggestion here is the reverse of my previous one, in this
case, replace "suggested" with "reported" for reference 6, i.e., "However, some authors have
reported® or suggested” that there is a low risk of transmission of SARS-CoV-2 through fomites."

In the last paragraph of the methods section, the authors write: "One reviewer (IJO) assessed the risk
of bias and extracted data from the included studies, and these were independently checked by a second
reviewer (EAS)." However, the reader is not given a clue as to what the authors mean by "bias" in
this context. The absence of a definition and/or criteria for alleged "bias" makes this parameter
meaningless in the manuscript. If the authors are to include this parameter, they must revise the
manuscript to make clear what it is they are assessing as "bias", and how that assessment was
made.

Are the rationale for, and objectives of, the Systematic Review clearly stated?
Yes

Are sufficient details of the methods and analysis provided to allow replication by others?
Partly

Is the statistical analysis and its interpretation appropriate?
Yes

Are the conclusions drawn adequately supported by the results presented in the review?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Microbiology, Virology
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I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

IGHO ONAKPOYA, University of Oxford, Oxford, UK

We thank the reviewer for the useful feedback regarding our manuscript. In line with the
reviewer's suggestions, we will be making the following revisions to the manuscript:

ABSTRACT
We will revise the conclusions to reflect the results that the risk of transmission of SARS-
CoV-2 through fomites is low.

METHODS
In the second paragraph, we will replace "reported" with "suggested" (ref. 5) and replace
"suggested" with "reported" (refs. 6&7).

In the last paragraph of this section, we will expand the reporting of the methods used for
risk of bias assessment - we will include the domains of bias assessed and how each domain
was scored.

Competing Interests: None

IGHO ONAKPOYA, University of Oxford, Oxford, UK

Peer Reviewer's comment:

In this manuscript, the authors have conducted an extensive comparison of many published
studies attempting to assess the possibility of transmission of SARS-CoV-2 via fomites. Most
of the studies reviewed involved samples from hospitals, although some studies were also
from community settings. The authors report that none of the studies found infectious virus
on fomites, and that viral RNA, while generally present to varying degrees, was likely of too
poor quality in most instances to support infectivity anyway, based on relatively high cycle
threshold (CT) values for the RNA samples.

This is a useful snapshot of where we are in the pandemic, and why thinking in the field has
increasingly moved towards the view that fomite transmission is not a significant source of
infection.

Authors' response: Thank you.

Peer Reviewer's comment:

This reviewer believes the authors are too timid in drawing that conclusion, only stating in
the Abstract "Lack of positive viral cultures and variation in cycle thresholds create uncertainty
about fomites as a mode of transmission." I believe a more forceful statement about the
insignificance of fomite transmission is warranted.
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Authors' response: We agree with the reviewer and have revised the statement. Abstract
conclusion now reads thus: “Lack of positive viral cultures suggests that the risk of
transmission of SARS-CoV-2 through fomites is low.”

Peer Reviewer's comment:
In the second paragraph of the Introduction, the authors do not adequately characterize
the content of some of the references cited.

The authors write, "it has been reported that SARS-CoV-2 can be transmitted indirectly through
fomites or surfaces”.” This is inaccurate; reference 5 is a review of work published up to that
time, and at most, suggests the possibility that the virus can be transmitted through
fomites. None of the papers reviewed in reference 5 showed indirect transmission through
fomites. The authors must revise this sentence. My suggestion is to replace "reported" with
"suggested", i.e., "it has been suggested that SARS-CoV-2 can be transmitted indirectly
through fomites or surfaces®

Authors' response: We have amended the sentence. Now reads thus: “... it has been
suggested that SARS-CoV-2 can be transmitted indirectly through fomites or surfaces...”

Peer Reviewer's comment:

The opposite situation occurs in the very next sentence. The authors write, "However, some
authors have suggested that there is a low risk of transmission of SARS-CoV-2 through fomites®”
." Reference 6 is more than a suggestion; the authors report the absence of infectious virus
on surfaces in hospitals treating COVID-19 patients. My suggestion here is the reverse of my
previous one, in this case, replace "suggested" with "reported" for reference 6, i.e.,
"However, some authors have reported® or suggested” that there is a low risk of
transmission of SARS-CoV-2 through fomites."

Authors' response: We have amended the sentence. Now reads thus: “... some authors
have reported that there is a low risk of transmission of SARS-CoV-2 through fomites [6,7]
and others have reported that the risk of such transmission is exaggerated [8]".

Peer Reviewer's comment:

In the last paragraph of the methods section, the authors write: "One reviewer (IJO) assessed
the risk of bias and extracted data from the included studies, and these were independently
checked by a second reviewer (EAS)." However, the reader is not given a clue as to what the
authors mean by "bias" in this context. The absence of a definition and/or criteria for
alleged "bias" makes this parameter meaningless in the manuscript. If the authors are to
include this parameter, they must revise the manuscript to make clear what it is they are
assessing as "bias", and how that assessment was made.

Authors' response: We have expanded the section on risk of bias assessment. Now reads
thus: “We assessed the risk of bias using five domains from the QUADAS-2 criteria [9]; we
adapted this tool because the included studies were not designed as diagnostic accuracy
studies. The domains assessed were: (i) study description - was there sufficient description
of methods to enable replication of the study? (ii) sample sources - was there a clear
description of sample sources? (iii) description of results - was the reporting of study results
and analysis appropriate? (iv) risk of bias - did the authors acknowledge any potential
biases, if yes were any attempts made to address these biases? (v) applicability - is there any
concern that the interpretation of test results differs from the study question? For each bias
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domain, the risk was judged as “low”, “unclear” or “high".”
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